Abstract. In order to track the active obstacle avoidance path of the autonomous vehicle, this thesis proposes two controllers with different inputs and constraints, on the basis of the Model Predictive Control (MPC). The controller A takes front-wheel steering angle as control input, while the controller B adds rear-wheel braking torque as another control input with extra constraints on the rear wheel braking torque. The simulation results indicate that both controllers can well track the desired path. More specifically, the performance of controller B is better than controller A in terms of lateral displacement and yaw rate, but the performance of controller A is better in yaw angle.
Introduction
With the gradual introduction of radar, camera and GPS, the car will be able to take the initiative to avoid obstacles on the road and assist the driver in driving on the most reasonable route [1] . In the current study, real-time planning and tracking of reasonable routes is a major problem.
Since the MPC can systematically deal with the nonlinear and uncertain system, it is a suitable approach to vehicle path planning and tracking control [2, 3] . In [4, 5] , the active obstacle avoidance problem is given as a two-layer nonlinear model predictive control (NMPC) problem. The upper layer based on the single point vehicle model carries out the obstacle avoidance path planning, and the lower layer based on the high degree of freedom vehicle model tracks the path, and the vehicle high-speed tests on ice-snow pavement have been carried out. In [6] , the method of motion primitive is used to study the path planning in the upper layer. In [7] , the MPC is used to study the path tracking in the lower layer, and the front-wheel steering angle and the four-wheel slip rate is taken as the control inputs. In [8] , the lower layer takes the front-wheel steering angle and the four wheels braking torque as inputs, and the vehicle model is linearized.
This paper also studies the problem of path tracking control in the lower layer. The structure is as follows: Part Ⅱ establishes the nonlinear vehicle model and the tire model. In Part Ⅲ, the two MPC controllers are designed. Part Ⅳ gives the simulation results and analysis. And Part Ⅴ is the conclusion. Figure 1 . Vehicle model.
Vehicle Dynamic Model
The four-wheel vehicle model just considering lateral, longitudinal and yawing movement of the vehicle is shown in Fig. 1 
In the absolute coordinate system, motion equations of the vehicle are as follows:
The integration of the longitudinal force and the lateral force of the vehicle are as follows:
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Here, we use the magic tire model, which considering the interaction between the transverse force and the longitudinal force under the combinational acting of steering and braking. The tire force is determined by the following formula:
Where  is tire slip angle, s is tire slip rate,  is road adhesion coefficient, z F is vehicle vertical load. The tire slip rate is defined as:
The tire slip angle is defined as:
Where c v is tire lateral velocity, l v is tire longitudinal velocity. Where l v is tire longitudinal velocity, r is tire radius,  is wheel angular velocity.
The vertical load of each tire:
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The Design of the Model Predictive Controller
Controller A
Controller A ensures that the vehicle can track the desired obstacle avoidance route by calculating the optimal front wheel turning angle. Fig. 2 is the block diagram of the control system. According to Eq. 1 to Eq. 12, the nonlinear vehicle dynamics equation can be expressed as:
In the equation:
In order to obtain the finite time domain optimization control problem, the Euler method is used to discretize Eq. 13 and Eq. 14, we can get:
In these: ( ) 
The value function is established as follows, 
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Eq. 21 to Eq. 25 are obtained through the vehicle dynamics, Eq. 26 and Eq. 27 is the constraint on the front-wheel steering angle and angle increment. Assuming 
Controller B
Controller B ensures that the vehicle can well track the ideal obstacle avoidance route by calculating the optimal steering angle of the front wheel and the braking torque of the rear wheel. Fig. 3 shows the block diagram of the control system. The problem is also a optimization problem as the Controller A, but the input of the dynamics Eq. 13 becomes as 
Simulation Results
The simulation requires the vehicle to drive on icy and snowy road at a speed of 60 km/h. The control input is the front wheel angle of the vehicle or the front wheel angle and the rear wheel braking torque. The control is to ensure that the vehicle can track the ideal avoidance route. A   Fig. 4 to Fig. 6 are the simulation results of Controller A. Fig. 4 shows that the vehicle can greatly avoid the obstacles ahead. Fig. 5 and Fig. 6 respectively show the tracking performance concerned the yaw angle and the yaw rate, and the average variance is shown in table 1. Simulation Results of the Controller B Fig. 7 to Fig. 10 show the simulation results of Controller B. Fig. 7 indicates that the vehicle greatly avoids the obstacles ahead. Fig. 8 and Fig. 9 respectively show the tracking performance concerned the yaw angle of the vehicle and the yaw rate, their average variances are shown in table 1. In Fig. 10 , the result of the rear-wheel braking torque shows the intensity of braking torque does not exceed the constraints. Fig. 7 and Fig. 10 shows that the steering and braking of vehicle are well coordinated in order to get the appropriate yaw moment for path tracking.
Simulation Results of the Controller
At 40 meters, the controller controls the vehicle to turn right, the braking torque of the right rear wheel is greater than the left rear wheel, resulting in a negative yaw moment; at 60 meters, the controller controls the vehicle to turn left, the braking torque generated by the left rear wheel is greater than the right wheel, resulting in a positive yaw moment. Table 1 is the mean square error on yaw angle, yaw rate and lateral displacement of the two controllers. In terms of tracking performance concerned lateral displacement and yaw rate, the controller B is superior to the controller A. It means that the coordinated control of the active front wheel steering and rear wheel braking can improve the yaw stability of the vehicle. In the case of the yaw angle, the mean square error of the controller A, which controls only the front wheel angle, is less than the mean square deviation generated by the controller B. 
Conclusion
In this paper, two kinds of model predictive controllers are proposed to track the active obstacle avoidance path. Controller A selects front-wheel angle as the control input. Controller B selects front-wheel angle and rear-wheel brake torque as the control inputs. The simulation on icy-snowy road shows that both controllers have good path tracking performance. In terms of lateral displacement and yaw rate, the performance of controller B is better than the controller A, and it will improve the yaw stability of the vehicle. While the Controller A is better in terms of yaw angle.
